The purpose of this study was to compare the essential oil composition of Inula viscosa leaves by hydrodistillation (HDE), ultrasonic (UDE) and solvent (SE) extractions followed by hydrodistillation. The total polyphenol and flavonoid contents and their antioxidant effects were studied by different solvent of extraction: ethanol (ET), ethyl acetate (EA), methanol (ME) and aqueous (AE). The principal compounds for HDE were: 2-hexenal (3.70%), caryophyllene oxide (3.11%), γ-selinene (3.09%), 3-hexen-1-ol (2.00%), eugenol (1.70%) and trans-caryophyllene (1.34%), while for UDE were: γ-selinene (5.68%), caryophyllene oxide (4.87%), trans-caryophyllene (1.99%) and nerolidol (1.74%). The oil obtained by SE was shown to contain tridecane (3.89%), dodecane (3.08%), trans-caryophyllene (2.94%), caryophyllene oxide (2.56%) and nerolidol (2.53%). Significant changes on phenolic contents were found between the different solvent of extraction. ME and AE extracts led to the highest total polyphenol (PHL) and flavonoid (FL) amounts. The anti-radical activity and reducing power were maximal in AE and ME extract. HPLC examination established that the ferulic acid as major phenolic acid in ME and AE fractions, whereas luteolin was the main compound of EA and ET fractions.
Introduction
Recently, the research focused on natural molecules having the antioxidants potential, particularly originating from plants. Among, the medicinal and culinary plants, a few endemic species are of special importance owing to they perhaps used for generating raw materials having phytochemicals with antioxidant potential. [1] In other hand, the antioxidant inhibition of plant could be principally attributed to polyphenolic compounds, such as flavonoids and phenolic diterpenes. [2] Phenolics have a main function in individual health by reason of their anti-inflammatory, anti-allergic, antimicrobial, anticarcinogenic and anti-viral capacities. [3] Confer to Pinelo et al. [4] various solvent are developed for the isolation of polyphenols from plant, but the production is inclined by the type of the solvent and the processes of extraction. [5] Bestow to Akowuah et al., [6] depending on the solvent used for extracting phenolic compounds, the fractions resulted from the same plant may vary widely their antioxidant concentration and activities. In tea, it can be mentioned that the fraction obtained by aqueous mixed with ethanol were most powerful than methanol and acetone for separation of flavonoids. [7] The importance of aromatic and medicinal plants (PAM) comes from a big fraction of the plant biodiversity where each species brings its procession of benefits and assets.
In Tunisia, climatic, pedological, and plant genetic diversity has favored the production of a flora (estimated at about 2200 species) containing 149 medicinal species and 38 aromatic species. [8] Indeed, these species are exploited in human food and traditional medicine.
Inula species are the principal of the important PAM from the Asteraceae family. In Tunisia, the genus Inula is represented by four species: Inula viscosa (L.) Ait, Inula graveolens (L.) Desf, Inula crithmoïdes (L.) and Inula montana (L.) var. calycina (Pres l) Batt. [9] I. viscosa is traditionally exploited as an antiseptic, hypoglycemic agent and to treat tuberculosis, anemia, and inflammation.- [10] [11] [12] Many researches are signaled that the some Inula species presented various functions in individual fitness by reason of their biological capacities. [13] [14] [15] In this essay, we have three objectives (i) to compare different extraction methods of EO from I. viscosa, (ii) to estimate the antioxidant potentialities according to the solvent of extraction, and (iii) to mark the phenolic compounds in these species by RP-HPLC.
Materials and methods

Vegetal collection
The leaves of I. viscosa used in this work are native of City Chaker of region Rawed-Ariana. The sampling was collected in February. Leaves were dried in the dark, and then they are finely crushed and kept in a dessiccateur until the moment of the analysis. Authentication was confirmed by Pr. A. Samoui, (Centre of Biotechnology of Borj-Cedria and bestowing to "Fore de la Tunisie". [9] Preparation of extracts
The dried powdered were successively extracted to Soxhlet apparatus using: Ethyl acetate (EA), ethanol (ET), methanol (ME) and aqueous (AE). Between each step, solvent extracts are filtrated with a Whatman filter paper (N°4), concentrated under rotary vaccum evaporator (Rotovapor-El, LabortechnikAG, Büchi, Switzerland) at 40°C and conserved at 4°C for the various analyses.
Total polyphenol amounts (TPH)
The measurement of TPH is determined by spectrophotometry and are performed as detailed by Dewanto et al. [16] The solution mixture composed 125 μL of extract, 500 μL of H 2 O and 125 μL of Folin-Ciocalteu reagent. After vigorous stirring of the mixture followed by a rest of 3 min, an intake of 1250 μL of 7% Na 2 CO 3 and 3 mL of H 2 O. After 90 min of reaction at black, the absorbance is interpreted at 760 nm and the TPH content are given as mg equivalent gallic acid/g extract).
Total flavonoid amounts (FL)
250 µL of samples are combined with 75 µL NaNO 2 (5%). [16] After 6 min of reaction at ambient temperature, 150 µL of 10% AlCl 3 and 500 µL of NaOH (1 M) are infused in the solution, followed by addition of 2.5 mL of H 2 O. The lecture of FL is done at 510 nm and the contents of FL are given in mg of catechin equivalent per gram of extract (mg CE/g extract).
Anti-radical activity
A 1000 μL of samples are infused in 500 μL of DPPH (0.2 mM). [17] After vigorous stirring of the mixture, it was kept at rest for 30 min in the dark. The lecture is made at 517 nm. The anti-radical activity is calculated as percent inhibition (PI) of the DPPH:
DO control : the absorbance of the control, DO extract : the absorbance of the extract.
Reducing power
This method consists of mixing 1000 μL of the fraction at different concentrations with 1250 μL of phosphate buffer (0.2 mol/L, pH 6.6) and 1250 μL of K 3 Fe(CN) 6 (1%). [18] Then, the solution is put in the water bath for 20 min at 50°C. In reason to stop the reaction, we are added 1250 μL of TCA (10%), followed by centrifugation at 650 g for 10 min at 25°C. Finally, at the intake of 1250 μL of the supernatant, 1250 μL of H 2 O and 250 μL of FeCl 3 (0.1%) are added. Absorbance is measured at 700 nm. 
Isolation methods
Hydro-distillation extraction (HDE):
EO is extracted from leaves of Inula by Clevenger system during 4 h placing 100 g of dried material in a ball containing 1000 mL of water brought to a boil. [19] Solvent extraction (SE): The method used for the extraction of EO by hexane is that recommended by Pérez-Alonso and Negueruela. [20] The sample is extracted for 8 h at 25°C with hexane (1 l). After filtration, the solution is concentrated under rotary vacuum evaporator and maintained to distillation.
Ultrasonic-distillationextraction (UDE):
A 75 g of the Inula leaves were emerged in 500 mL of H 2 O. The solution is conducted in an ultrasonic cleaner (BRANSON 3210,130 watt, 70% amplitude and a frequency of 20 kHz) with distilled water, using selected extraction time for 30 min, ultrasonic temperature (range from 60 to 80°C). Then, the leaves of I. viscosa were hydrodistilled for 4 h using a Clevenger. [21] 
GC-FID analysis
The analysis of the constituents of EO was carried by means of a chromatograph HP6890 provided with a flame ionization detector and equipped with a capillary column of type HP Innowax (30 m; 0,25 mm; 0,25 µm) the polar still phase of which is made by polyethylene glycol. The temperature of the oven was scheduled in the following way: isotherm at 35°C during 10 min, from 35°C to 205°C (2°C/min) and isotherm at 205°C during 10 min. The injector and the detector are carried, respectively, at 250°C and 300°C, the flow of the carrier gas (N 2 , U) was 1.6 ml/min and the analyses are led in mode Split (60:1).
GC-MS analysis
EO analysis by GC-MS was performed on an Agilent 7890A GC system, fixed to an Agilent 5972C mass spectroscopy detector with electron impact ionization (70 eV). A HP-5 MS capillary column (30 m x 0.25 mm, coated with 5% phenyl methyl silicone, 95% dimethylpolysiloxane, 0.25 mm film thickness; Hewlett-Packard, CA, USA) was used. The column temperature was programmed to rise from 40°C to 240°C with a 5°C/min rate, the carrier gas was helium N60 with a 0.9 mL/min flow rate; split ratio was 100:1. Scan time and mass range were 1 s and 50-550 m/z, respectively.
Statistical analysis
All tests were possessed in three replications and the averaging is performed by Variance Analysis (ANOVA) using STATISTICA software. Duncan's multiple range test was used at the significance level of 5%. Data are recorded in tables as means with standard errors. [22] Results and discussion
Aroma distribution
The EO yield of the leaves of Inula isolated by the HDE, UDE, and SE methods were presented in Figure 1 . The essays showed that this yield varies significantly in relation to the method used for extraction. The yields of extractable of the UDE (0.45%) were considerably superior to those separated by the SE (0.2%). However, the lowest yield (0.12%) was recorded by HDE method. Our results were thus in accordance with those of Alalan et al. [23] who found that the yield extracted by steam distillation from Syrian was 0.17%.Pérez-Alonso and Negueruela [20] reported that the yield from Turkey was 0.2%. In other hand, the yield was detected in higher proportion in leaves extracted by supercritical fluid extraction (0.65%). More recently, Haoui et al. [24] showed the leaves essential oil grow of Algeria was 0.148%. The EO isolated by hydrodistillation contained caryophyllene oxide (3.11%), γ-selinene (3.09%), 2-hexenal (3.70%), 3-hexen-1-ol (2.00%) and eugenol (1.70%) as major constituents (Table 1 ). The oil obtained by hexane extraction followed by hydrodistillation was characterized by tridecane (3.89%), dodecane (3.08%), trans-caryophyllene(2.94%), caryophyllene oxide (2.56%) and nerolidol (2.53%). In USE, the relative proportion of the compounds were different although, γ-selinene was the capital element (5.68%), followed by caryophyllene oxide (4.87%), trans-caryophyllene (1.99%), and nerolidol (1.74%). As a measure of another study, the EO compositions separated by hydrodistillation and ultrasonic were similar with those from Jordan, France, and Turkey especially concerning the amounts of caryophylleneoxide. However, the percentage of γ-selinene showed similarities with those from Jordan, France, and Italy. [25, 26] Indeed, phytol was just identified in leaves of I.viscosaof Syria.
[23] EO profile of these species showed the main differences were compared from different region and habitats. Perez-Alonso and Velasco-Negueruela [20] reported that the major constitutes in the EO in Turkey were: borneol (25.2%), isobornyl acetate (22.5%) and bornyl acetate (19.5%). While in Spain some other considerable chemical variability were reported as the chief components: fokienol(38.8%) and nerolidol (7.71%). [27] TPH amounts Methanol had the best extractant capacity, resulting in the highest TPH contents (248.87 mg GAE/g), followed by aqueous (243.70 mg GAE/g) and ethanol (96.58 mg GAE/g) (Fig. 2) . The TPH separated by methanol fraction in this essay was superior to particular mentioned by the same species [25, 28, 29] and the closely related species such as I. racemosa [30] and I. crithmoides. [31] However these amounts were lower than other ones reported in case of Inula from Morocco (274.39 ± 6.94) mg GAE/g extract). [32] The lowest extracting powers were recorded by ethyl acetate. In this way, it can be classified as the four solvent used of extraction in decreasing order: ME, AE, ET, and EA. In contrast, Kenny et al. [32] in the other Asteraceae species TPH amount dropped from 15.98 to 227.93 mg GAE/g of dry weight. Indeed, the TPH amount showed significant differences due to solvent of extraction and to varieties. In this context, Gökbulutet al. [33] found that the TPH contents of three Inula from Turkey were varied from 21.1 to 190.9 mg GAE/g extract.
The importance of the solvent exploited in the separation, as demonstrated by Sun and Ho [34] which noted that the ME of buckwheat gave a higher yield than the ET while these extracts expressed identical total phenol contents. Indeed, methanol was the best solvent of extracting phenolic acid and catechin, whereas flavonoids and their glycosides, catechols, and tannins were better extracted with ethanol.
TFL amounts
As for polyphenols, the leave extracts of Inula showed a variation of flavonoid contents which also bank on the nature of the solvent (Figure 2 ). Methanol and aqueous fractions have the efficient flavonoid extracting powers whose contents were, respectively, 44.06 mg CE/g and 19.81 mg CE/g. However, the lowest contents were recorded in the ET and EA fractions (15.29 mg CE/g and 10.56 mg CE/g, respectively).TFL separated by ME from Turkey leaf was 77.5 mg QE/g extract. [25] While in Morocco region, these level of flavonoid was detected of 44 µg/mg extract. [35] In contrast, other studies were found that the TFL dropped from 1.13 to 182.56 mg CE/g dw. [36] The polyphenol and flavonoid contents increased when the polarity of the solvent of extraction increased. In this context, our result was similar with those Li et al. [37] which found that the nature of the extractant to be crucial to the polyphenol and flavonoid contents: a solvent with a higher polarity yielded upper TPH and TFL amounts.
Antioxidant activity ME and AE fractions exhibited the upper most anti-radical capacities with the concentration corresponding to 50% of inhibition reaching 21 and 30 μg/mL, respectively ( Table 2 ). The lowest antiradical capacity was obtained in ethyl acetate and ethanol fractions (IC 50 values were 116 and 132 μg/mL, respectively). Our results were identical to those found by Mahmoudi et al. [29] which found that the methanol fraction exhibited the high activity with 23.33 µg/mL and lower (0.26 mg/ mL) than those reported by Trimech et al. [28] In fact, obtained IC 50 value were lower than described for other Asteraceae species such as Cichorium sp. (IC 50 = 86 μg/mL), Sonchus sp. (IC 50 = 72 μg/ mL), [38] but these values were varied of the concentration from 12.8 to 36 μg/mL ofInulacrithmoides. [31] However, Gökbulut et al. [33] reported that the ethyl acetate fraction had low antioxidant activity, with high IC 50 values, compared to the residue prepared by AE and ME extracts of the Inula species. It was mentioned by numerous works the difference in the amount of polyphenol were related by the nature of the solvent considered of the extraction. [39] In this context, Hayder et al. [40] showed that polar fractions, for example, AE and ME exhibited a higher anti-radical power than a polar extracts (hexane).
The plant I. viscosa can be considered rich in phenolic compound which gives it a very important antioxidant capacity. Thereby, these results should reflect the therapeutic usefulness of this species.- [41] The consequence of solvent on the antioxidant ability of I. viscosaleaves was also analyzed by the determination of reducing powers (Table 2 ). AE and ME extracts exhibited higher reducing power towards the Fe 3+ /ferricyanide complex (EC 50 = 260 and 270 μg/mL, respectively).EA and ET extracts presented the lower reducing capacity (EC 50 = 550 and 500 μg/mL).
Phenolic profiles
The consequence of solvent extraction on the phenolic compound of I. viscosa leaves were presented in Table 3 . Phenolic acids-p-coumaric, ferulic, and sinapic acids-represent the major fraction of the polyphenols analyzed in methanol (70.07%) and water (43.54%) extracts, while the flavonoid dominated in ethyl acetate (93.9%) and ethanol fractions (85.41%). The flavonoids were detected also in higher proportions with the aqueous extracts (56.46%). Indeed, the flavonoids fraction were characterized by catechin hydrate as a major compound in aqueous and methanol extracts and accounting with 39.59% and 16.49%, respectively.
Phenolic acid had an important presence in polarity solvent (methanol and aqueous). In addition, ferulic acid was the major predominant phenolic compounds in polar solvent of extraction, contributing for about 62.33% in methanol and 32.71% in aqueous extracts. As for flavonoids content, luteolin was the principal composite where extracted by EA (44.93%) and ET (39.54%). Gökbulut et al. [33] were detected three flavonoids (quercetin, luteolin, and rutin) from I. viscosa leaves and dropped from 0.02% to 0.10% (w/w).
PCA was used out in raison to establish the rapport between the solvent of extraction related to their phenolic composition (Figure 3) . Obtained results noted the identification of two well-defined groups. The initial cluster was constituted by the extracts extracted by ME and AE implying identical constitution. EA and ET, which found as second group, were significantly discriminated by the later groups.
These variations in phenolic composition between the four solvent can be attribute of the polarity and thus extractability of the bioactive substances. [42] Indeed, polarity of solvent produces significantly various extraction capacities for phenolic compounds in plants. [37, 43] The result displayed that the TPH using HPLC indicated that ME and AE extracts contained more total phenolics compared to other extracts. However, the phenolic compositions selected by HPLC were different than those prepared by the Folin-Ciocalteu process. This variation observed by the Folin-Ciocalteu method was the procedure for estimating total polyphenol contents, characterized by a sensitivity and speed, but it was often coupled with an overestimation of the results, with a low accuracy. [44] the effective concentration at which the antioxidant activity was 50%. The absorbance was 0.5 for reducing power, the EC 50 value was obtained by interpolation from linear regression analysis. Each value is expressed as mean SD (n = 3). Means with different capital letter within a row are significantly different (P < 0.05). 
Conclusion
The results obtained in this study revealed that the chemical composition of I. viscosa was considerably affected by the method of extraction. The UDE offers a net advantage compared the other methods for essential oil extraction which presented the higher yield. Indeed, our findings showed that the ME and AE fractions have higher contents of polyphenol and flavonoid. The same solvents showed the highest antiradical activity. In fact, AE was considered also the solvent suitable for the separation of I. viscosa leaves. Phenolic acids presented the major fraction identified in ME and AE, while the flavonoids were detected in higher amounts in EA and ET.
